Objectives. Mucosal free grafts may be successfully applied in many surgical interventions. This study aims at investigating the feasibility of palatal mucosa graft in sub-glottic field in an animal model.
INTRODUCTION
Sub-glottic stenosis developing after endo-tracheal tube arises from increased granulation tissue following contact ulcer and this hypertrophic scar tissue is similar with the abnormal wound healing defined as 'keloid' [1] . Treatment of sub-glottic stenosis is more complex when compared with the treatment of the other tracheal stenosis. Surgical treatment methods vary depending on whether vocal cords are mobile and glottic stenosis accompanies [2, 3] . Single step repair techniques which include the resection of the stenotic segment and anterior cricoid and anastomosis of trachea with thyroid cartilage are usually effective in the cases in which vocal cords are mobile [4] . Mucosal graft is used and laryngoplasty is applied in laryngo-tracheal fissure technique [5] . Regardless of the surgical repair type, the most important point of the sub-glottic stenosis surgery is regular healing of mucosa, as the source of the problem. The factors which influence the healing of mucosal tissue in anastomosis line include sufficiency of vascular supply and the tension in anastomosis line. Sub-glottic releasing techniques are added to the technique depending on the length of the lesion. However
Effectiveness of Palatal Mucosa Graft in Surgical
Treatment of Sub-Glottic Stenosis Departments of 1 Thoracic Surgery, in some patients, long segment resections may be required until reaching healthy tracheal mucosa for closure with wide mucosal flap from trachea after removal of the affected mucosal tissue as in the technique of Grillo [4] . The tension in anastomosis line may increase as the result of this. Free mucosa grafts may be an alternative in such patients. Unfortunately, no randomized studies are available which show the more effective method are available.
Mucosal free grafts may be successfully applied in many surgical approaches. Buccal mucosa grafts are preferred in trachea surgery [5, 6] . Palatal graft is preferred in some surgical interventions due to contracture resistance and ease of use [7] . This randomized prospective study aims at investigating the effectiveness of palatal mucosa graft in sub-glottic stenosis in experimental rabbit model, as an alternative to the conventional method.
MATERIALS AND METHODS

Ethics
This study was conducted in Animal Tests Laboratory between January 19th, 2015 and June 21th, 2015. This study was conducted after ethics committee approval had been obtained from Animal Local Ethics Committee (PAUHDEK 2014-027). Care and comfort of the animals was provided by an experienced veterinary surgeon in accordance with the international standards. All animals have received humane care in compliance with the 'Principles of Laboratory Animal Care' formulated by the National Society for Medical Research and the 'Guide for the Care and Use of Laboratory Animals' prepared by the Institute of Laboratory Animal Research published by the National Academies Press (1996 version). The animals were sacrificed using intra-cardiac potassium chloride following anesthesia for sub-glottic field sampling.
Population
A total of 48 white New Zealand rabbits produced at Animal Tests Center, weighing 2,400-3,350 g at the beginning of the test were used in this study. One of the animals was dead after the first procedure, two of the animals were dead after the second procedure in the early period. One rabbit died on day 2 due to hemorrhagic coagulum following stenosis formation operation. One animal in groups 1 and 3 died following sub-glottic surgical intervention on postoperative day 1 and 3, respectively. The study was completed with 15 animals in each group.
Design
Single dose of 10 mg/kg cefuroxime was administered via intramuscular route for antibiotic prophylaxis before each procedure. Anesthesia was provided with 35 mg/kg ketamine and 5 mg/kg xylazine following 8 hours of fasting. A short-acting local anesthetic (10 mg/mL prilocaine) was applied sub-cutaneously at the beginning of the surgical procedure and approximately 0.6-1 mL of long-acting local anesthetic (5 mg/mL bupivacaine) was applied after the procedure. Bleeding control was provided with a bipolar electrocautery.
Creating stenosis
The first procedure targeted to create a stenosis in all animals. Intubation was not required as spontaneous respiration continued due to the anesthesia technique which was used. Cervical incision was applied following anesthesia. The second and the third cartilage rings of trachea were removed circularly. Afterwards, the first cartilage ring and the inner surface of the cricoid ring was traumatized using a micro-scissor. Finally, 1th and 4th rings of trachea was sutured continuously using two 5-0 polyglactin (Vicryl; Ethicon Inc., Somerville, NJ, USA) and an endto-end anastomosis was done. The first suture started from the outer surface of the first cartilage, just above the cartilage and membranous surface junction, cartilage ring. Anastomosis was completed with continuous sutures on cartilage surfaces after the anastomosis of membranous surfaces had been completed with continuous sutures.
Surgical techniques
The second procedure was done 35-40 days after the first procedure. All of the second trachea surgeries were applied by the same surgeon. Mucosal flaps were done by two surgeons. Stenotic segments after the cricoid ring was removed in all animals. The following procedures continued by dividing the rabbits into 3 groups according to Myer-Cotton classification.
Group 1 (control group): After the stenotic ring had been removed, the posterior ring of the cricoid was preserved and the anterior part was removed and the whole fibrotic tissue was excised in accordance with the technique described by Grillo [4] . A membranous flap was prepared from the robust trachea. It was sutured individually using a 6-0 polyglactin suture (Vicryl, Ethicon Inc.) as described in the method. Cartilaginous surface of trachea was sutured individually onto the remaining lateral surfaces of the cricoid ring and onto the inferior surface of thyroid cartilage.
Group 2 (buccal mucosa graft): A simplified modification of sub-glottic stenosis surgery of Montgomery [5] was applied in order to show the effectiveness of mucosa grafts. Differently Applying mucosal graft may reduce anastomosis tension in laryngotracheal surgery with extensive segmental resection.
Excessive inflammation score in the palatal mucosal group (20%) was less than the buccal group (47%).
The stenosis scores were similar between the control group and the mucosal graft groups (P=0.505).
from the technique of Montgomery [5] , cartilage graft was applied to only the anterior cricoid surface. The procedure started with the resection of the stenotic trachea segment on distal of cricoids. Afterwards an incision from the anterior of cricoid cartilage to thyroid cartilage was done and traction sutures were applied to both margins. The fibrotic fields within the cricoid cartilage were excised using an elevator and lancet (Fig. 1) . The mucosa graft harvested from the cheek was fixed to cricoid ring with a 6-0 polyglactin suture. A continuous suture was done between membranous surface of trachea and cricoid ring (together with mucosal graft) with a 6-0 polyglactin suture. The triangle piece obtained from thyroid cartilage was removed. The cartilage was fixed to the anterior surface of cricoid ring with a 8-0 polyglactin (Vicryl, Ethicon Inc.) suture and the diameter of cricoid ring was enlarged. Cartilaginous surface of trachea and the anterior surface of cricoid were sutured individually and end-toend anastomosis was completed. Group 3 (palatal mucosa graft): The procedures described for group 2 were done using palatal mucosa graft. The tissue from where palatal mucosa graft was harvested was left to primary healing.
Assessment
Sacrifice of animals was done on day 42 following the second procedures and glottis and sub-glottic fields were removed. The first assessment was done with macroscopic measurement by three blinded doctors and stenosis grading was done according to Myer-Cotton classification (MCC) [8] . Myer et al. [8] devised a classification scheme for grading circumferential subglottic stenosis from I-IV, endoscopically. MCC scores: (1) class 1, indicates up to 50% obstruction; (2) class 2, 51%-70%; (3) class 3, 71%-99%; and (4) class 4, no detectable lumen. We calculated the MCC by modifying the endoscopic classification. The first tracheal cartilage was separated from cricoid cartilage. The tissue around the cricoid cartilage was removed until there is alone cartilage at the outer surface. Cricoid carti- An incision from the anterior of cricoid cartilage to thyroid cartilage was done and traction suture was applied to both margins after the stenotic tracheal segment had been removed; (a) thyroid cartilage, (b) cricoid cartilage (anterior part of its is divided and traction sutures were applied to both margins), (c) distal trachea. (C) The fibrotic mucosa within the cricoid cartilage were excised; (a) distal trachea, (b) cricoid cartilage (Leaving the posterior plate of cricoid intact. The tracheal lesion and fibrotic mucosa on the cricoid cartilage were completely removed). (D) The mucosa graft was fixed to cricoid ring; (a) cricoid cartilage (The inner surface of the posterior plate of its was completely covered with mucosal graft). (E) A continuous suture was done between membranous surface of trachea and cricoid ring. Then, the triangle piece obtained from thyroid cartilage was removed and the cartilage graft was fixed to the anterior surface of cricoid ring; (a) thyroid cartilage (a triangle piece removed from lateral surface of its), (b) Cricoid cartilage (the cartilage graft was fixed to cricoid), (c) distal trachea (sutured to the plate of cricoid). (F) Cartilaginous surface of trachea and the anterior surface of cricoid were sutured individually and end-to-end anastomosis was completed (The diameter of cricoid ring was enlarged by applying a triangle cartilage graft).
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lage was divided into two rings in the transverse plane. Outer border diameter and inner border diameter of the cricoid cartilage were measured in two axes than averaged. According to the inner border diameter/outer border diameter ratios that was found the lowest in the macroscopic measurement from two section samples, MCC was calculated using the following formula:
MCC= (1-inner border diameter/outer border diameter)× 100
The second assessment was done by a blinded pathologist and targeted to determine fibrosis and inflammation scores and 5 groups were determined similarly to the study of IniguezCuadra et al. [9] .
Fibrosis scoring: (1) score 1, no fibrosis; (2) score 2, mild fibrosis with new onset; (3) score 3, moderate fibrosis (presence of collagen bands and fibroblasts); (4) score 4, intensive fibrosis; and (5) score 5, very intensive fibrosis.
Inflammation scoring: (1) score 1, no inflammation; (2) score 2, inflammation in less than 10% of the fields; (3) score 3, inflammation in less than 30% of the fields; (4) score 4, intensive inflammation in 30%-60% of the fields; and (5) score 5, widespread inflammation (more than 60%). 
Statistical analysis
RESULTS
Gender (P=0.92), weight (P=0.66), and induced stenosis grade (P =0.88) were similar for the rabbits in each group which underwent sub-glottic stenosis surgery (Table 1) . MCC scores following sub-glottic stenosis surgery were as follows for the rabbits in group 1: 12 (80%) in class 1; 2 (13%) in class 2; and 1 (7%) in class 3. These values were as follows for the rabbits in group 2: 9 (60%) in class 1; 4 (27%) in class 2; and 2 (13%) in class 3. Of the rabbits in group 3, these values were 11 (73%), 2 (13%), and 2 (13%), respectively for class 1, 2, and 3. The difference between groups was not statistically significant (P=0.5) ( Table 2) . Percentages of stenosis were 27%±20%, 40%±20%, and 34%±23% for group 1, 2, and 3, respectively, and the difference between groups was not statistically significant (P =0.29) (Fig. 2) .
Histopathological images of fibrosis classifications is shown in Fig. 3 . In group 1, fibrosis scores 2, 3, 4, and 5 were identifed 9 (60%), 4 (27%) , 1 (7%), and 1 (7%) of the rabbits, respectively. These scores were as follows for the rabbits in group 2: 6 (40%) in scores 2; 4 (27%) in scores 3; 2 (13%) scores 4; and 3 (20%) scores 5. In group 3 rabbits, these scores were 9 (60%), 3 (20%), 2 (13%), and 1 (7%) for scores 2, 3, 4, and 5, respectively. His- Assessed using the Pearson chi-square test (except weight, which was assessed using Kruskal-Wallis test).
b)
Preoperative MCS were checked after the procedure done for creating stenosis, before the sub-glottic surgical technique. Assessed using the Pearson chi-square test. topathological analysis of stenotic lesions for the fibrosis scores revealed similar changes, with no significant differences between groups (P =0.35) ( Table 2 ). Intensive or tight fibrosis (score 4 and 5) was observed in 2 rabbits (13%) in group 1, in 5 rabbits (33%) in group 2, and in 3 rabbits (20%) in group 3, and the difference between groups was not statistically significant (P=0.41). Histopathological images of inflammation classifications is shown in Fig. 4 . The percentages of the inflammation scores of the rabbits in group 1 for score 2, 3, 4, and 5 were 60% (n=9), 20% (n=3), 14% (n=2), and 7% (n=1), respectively. In group 2 rabbits, inflammation scores 2, 3, 4, and 5 were observed 5 (33%), 3 (20%), 4 (27%), and 3 (20%), respectively. Histopathological inflammation scores were as follows for the rabbits in group 3: 7 (47%) in scores 2; 5 (33%) in scores 3; 2 (13%) scores 4; and 1 (7%) scores 5. The difference was not statistically significant (P=0.21) ( Table 2 ). Excessive inflammation (score 4 and 5) was observed in 3 rabbits (20%) in group 1, in 7 rabbits (47%) in group 2, and in 3 rabbits (20%) in group 3. The difference between groups was not statistically significant although inflammation rate was higher among the rabbits which were applied buccal mucosa graft (P=0.18).
Surgery types Grillo's technique
DISCUSSION
Although benign sub-glottic stenosis is occurred due to different reasons, it is a complex problem of which treatment is challenging. Many treatment modalities have been tried since decades. Stent applications which is added to laser and dilation treatment, local application of the fibroblast proliferation-inhibiting agents like mitomycin C may be an alternative. Surgical options represent in a wide range including laryngoplasty from partial cricoid cartilage together with segmental resection. However no randomized trials are available showing which treatment option should be preferred.
Approximation of the robust margins through a meticulous muco-mucosal anastomosis is one of the key points of the success in patients who undergo tracheal surgery [10] . Pioneers of tracheal surgery have developed their own techniques in order to approximate the robust mucosal margins. Actually, each technique has unique advantages. The different techniques defined by Grillo [4] and Pearson [11] include the posterior surface of cricoid cartilage being covered by the robust tracheal mucosa on distal. Macchiarini et al. [12] modified these techniques, made an oblique excision of cricoid cartilage and cricoid membrane, used a continuous suture in the posterior surface. Montgomery [5] widened the cricoid cartilage with a graft and preferred to use a mucosal graft. Liberman and Mathisen [6] used a mucosal graft in their modified tailored cricoplasty method. Sufficient data is not available about the use of palatal mucosa in trachea surgery. However palatal mucosa graft has the ease of use and its not losing its integrity during grafting due to its thickness may provide an advantage for using it in sub-glottic field [13] . Palatal mucosa is resistant to contracture [7, 14, 15] . Also it is rapidly vascularized after grafting as it has a keratinized epithelium [15] . This randomized prospective experimental study showed that palatal mucosa graft is as effective as the techniques which include buccal mucosa graft and apply posterior mucosal trachea flap. Although a better wound healing was detected in palatal mucosa graft group compared to group 2, the difference was not statistically significant. Both tracheal mucosa flap and free mucosal flap would be supplied from cricoid base. Sufficient removal of fibrotic tissue would provide a better vascular supply for the mucosal tissue. Laryngo-tracheal resection techniques are usually more successful than the laryngoplasties which do not include segmental resection [16] . This shows the importance of removal of the whole fibrotic tissue. For this purpose, Liberman and Mathisen [6] recommended to obtain a cricoid base which does not include a new fibrotic tissue through total removal of the fibrotic tissue with a sharp dissection instead of looking for a dissection plane between cricoid cartilage and the granulation tissue.
Another reason for anastomosis failure in trachea surgery is the length of the resected segment [17] . Increased anastomosis tension reduces the success of anastomosis [3, 17] . Suprahyoid release proposed by Montgomery [18] is easily applied and an effective method. An end-to-end anastomosis cannot be made between thyroid cartilage and trachea in the methods which use free mucosa graft, instead a direct end-to-end anastomosis is made between the cricoid ring which gained mucosa again and trachea. So a 7-10 mm more distance is provided and the tension at anastomosis line may be reduced. Moreover, grafting methods enable the cricoid field enlarge with the cartilage grafts instead of narrowing it. There are no studies comparing the two techniques exist in the literature. This study showed that there were no statistically significant difference between methods which use free mucosa graft and direct end-to-end anastomosis methods. The techniques with mucosal graft applications did provide an advantage or disadvantage in results of our study. This may have arisen from the absence of a difference between anastomosis tensions between surgery groups due to the anatomy of the rabbits.
The attempts of tracheal replacement with free non-vascularized grafts have failed [19] . Lack of revascularization is often the reason of failure [20] . Even in tracheal reimplantations made with short segment non-vascularized grafts, cartilage is resorbed and it is replaced by fibrous tissue [19] . When nasal and ear cartilages are used at laryngotracheoplasty, they are rapidly resorbed and can not provide the essential mechanical support [21] . Similarly, necrosis was also determined at the costal cartilage grafts in the early stages [22] . De Jong et al. [23] showed that the most appropriate cartilage graft tissue is thyroid cartilage graft. In the development of tracheolaryngeal surgery to date, especially vascularized grafts should be prefered for the patients that will be applied autograft methods for long segment. There are some studies show that vascularized homografts including omentopexy, muscle flaps and myocutaneous flaps were found successfully [24] [25] [26] [27] . Unfortunately, this studies had short-term follow-up generally and the results of the most of them were with limited success [16, 19] . Tissue engineering studies hold promise for both closing the tracheal defects and the replacement of trachea [19, 28, 29] . Shin et al. [29] showed that allogenic chondrocytes culture was successfully applied in an experimental model. They explained that disadvantages of their procedure could not provide the required mechanical strength when applied to circumferential or large tracheal defects [29] . Another limitations of their technique is the lack of epithelial cell implantation. Despite the advances in tissue engineering, especially failure to provide vascularization of extracellular matrix continues to create challenges [19] . Tracheal replacement in the patients with laryngotracheal stenosis is only indicated when treating with end-to-end anastomosis is not possible [19] . Tracheal resection and end-to-end anastomosis is still first option in the patients with benign laryngotracheal stenosis [16] . Suggesting a safe limit for segmentary resection of trachea is 4.5 cm in adults [17] . The toleration of pediatric patients is less than adults. It is recommended that limit of segmental resection should not be exceed 30% of tracheal length [30] . Therefore, each millimeters of the trachea is important in the patients underwent tracheal surgery. Some cases may be prevented from going into the complex surgery by doing cricoidoplasty with mucosal grafts. When the original tissue and circulation is preserved, to apply to the mucosal grafts may help to prevent to the formation of granulation in the laryngo-tracheal area.
This study is important as it shows the effective use of palatal graft in trachea surgery. However it may have some limitations. Most of them were resulted from the anatomy of rabbits. First, palatal mucosa of rabbits is serrated, so palatal mucosa grafts were thinned more and grafted tightly, differently from humans. This tension may have reduced the success of the graft through causing contracture. Second, cricoid membrane distance is proportionally longer in rabbits, so the cartilage graft used to enlarge the cricoid ring could have not provide an adequate enlargement. Third, the sutures in the cartilage ring could have been done full thickness, not sub-mucosal due to the fragility of trachea cartilage. Fourth, T tube was not applied. Silicon T tube of Montgomery [31] is frequently used in the techniques which use cartilage and mucosa graft. T tube enables the regular epithelization of mucosa and also it works as a stent against the narrowing in the early period. We may state that mucosal graft techniques would be more effective when applied under optimal conditions based on our results which we obtained without using T tube. Except for the limitations of the surgical technique, another problem is that there is no statistical difference between the graft of palatal mucosa and the graft of buccal mucosa. Despite the palatal graft is found partially better in all objective data, the inability to show statistical differences may also be due to insufficient number of subjects.
In conclusion, meticulous end-to-end anastomosis of the mocusa and removal of the whole fibrotic tissue are the factors which increase success in each surgical method used in treatment of sub-glottic stenosis. Up to 50% segment resection of trachea and end-to-end anastomosis of trachea are generally possible, but this varies depending on patients' anatomical neck structure, age, and history of previous surgery. Cases that endto-end anastomosis techniques were not applied to, are candidate for the complex tracheal replacement surgery. Doing cricoidoplasty with mucosa and cartilage graft provides to gain a little more distance for end-to-end anastomosis. Although our results are not statistically significant, it has been seen that palatal mucosa graft gives better results than buccal mucosa graft in cricoidoplasty. This study showed the feasibility of free palatal mucosa grafts in sub-glottic field, one of the most challenging fields of trachea surgery, with ease of application and rapid vascularization.
